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Description 

This invention concerns controlled-release dos- 
age forms comprising different cellulose ethers. 
More specifically, the invention relates to an oral 
dosage form comprising three different cellulose 
ethers and at least one beneficial drug for admin- 
istering the drug to a fluid environment of use. The 
dosage form comprises at least thirty weight per- 
cent (wt %) of the cellulose ethers. 

Tablets comprising a cellulose ether are known 
to the pharmaceutical drug delivery art. For exam- 
ple, tablets containing the cellulose ether hydrox- 
ypropylmethylcellulose are known in United States 
Patents Nos. 3,870,790; 4,140,755; 4,167,588; 
4,226.849; 4,259,314; 4,357,469; 4,369,172; 
4,389,393 and 4,540,566. 

The tablets known to the prior art using the 
hydroxypropylmethylcellulose ether often have cer- 
tain disadvantages associated with their structure 
and with their use. For example, the mechanical 
integrity of some prior art tablets frequently is 
insufficient to provide both a sustained and a rate 
controlled release of a drug over a prolonged pe- 
riod of time in a moving fluid environment of use. 
The prior art tablets often exhibit insufficient me- 
chanical integrity, that is the cohesive ability to stay 
together in a moving fluid environment such as the 
gastrointestinal tract, without prematurely breaking- 
up and without prematurely releasing all of its drug 
content. The above-mentioned desirable properties 
are not readily apparent in the prior art tablets, 
which appear to undergo substantial disintegration 
in a short time span, usually less than eight hours 
in a fluid environment of use. 

Another disadvantage associated with the prior 
art tablets is that they exhibit an unwanted, vari- 
able, and difficult to reproduce a rate of release 
pattern. For example, prior art tablets comprising a 
small amount of a cellulose ether exhibit this be- 
havior, such as by tablets consisting of less than 
five weight percent of a hydroxypropylmethylcel- 
lulosehaving a number average molecular weight 
greater than 50,000. The presence of the small 
amount of this high molecular weight polymeric 
ether in the tablet masks the release characteristic 
of other polymeric ethers in the tablets resulting in 
an erratic release pattern which is difficult to repro- 
duce from batch to batch and from tablet to tablet. 

Still other unacceptable disadvantages asso- 
ciated with the prior art tablets are that the tablets 
during their shelf-life can exhibit an unpredictable 
change in their release-rate characteristics; the pri- 
or art tablet when tested in an in vitro test that 
substantially reproduces the in vivo environment of 
the gastrointestinal tract often releases the drug at 
a greater rate of release in vivo than in vitro, which 
difference can be attributed to a premature dis- 



integration of the prior art tablet; and the prior art 
tablet in a high fluid shear environment releases its 
drug too quickly, usually in less than six hours and 
these tablets therefore are not adapted to pro- 

5 longed release. 

A theoretic study of the in vitro release rate of 
a benzodiazepine derivative from a matrix compris- 
ing two different hydroxypropylmethylcellulose 
components was reported by Franz et. at. in J. 

w Controlled Release, 5 (1987) 159-172. The study 
was based on response surface methodology, and 
included a theoretical optimisation of the ratio of 
HPMC 4000cP to HPMC100cP for initial zero order 
release of agent from the matrix. 

75 In J. Controlled Release, 9 (1989) July, no. 2, 

p1 69-1 75, Messrs Shah et. al. reported that certain 
types of hydroxypropylmethylcellulose ethers, 
when admixed with a therapeutic agent and com- 
pressed into a solid dosage form, are found to 

20 display a bimodal drug release profile. It was noted 
that bimodal delivery may offer some advantages 
over constant zero-order release systems. 

Thus, in the light of the above presentation it 
will be appreciated by those versed in the dispens- 

25 ing art, that if a novel dosage form is made avail- 
able to the medical and the pharmaceutical arts for 
dispensing a difficult to deliver drug free of the 
tribulation known to the prior art, such a dosage 
form would have a definite use and would also be a 

30 valuable contribution to the dispensing art. It will be 
further appreciated by those versed in the dispens- 
ing art that if a dosage form can be provided that 

(a) possesses a desirable rate of release and me- 
chanical properties for dispensing a drug over a 

35 prolonged period of time, and which dosage form 

(b) can be manufactured at an economical cost, 
such a dosage form would have a positive and a 
practical value and it would also represent an ad- 
vancement in the dispensing arts. 

40 According to one aspect of the present inven- 

tion, therefore, there is provided a dosage form for 
delivering a beneficial drug to an environment of 
use, which dosage form comprises a matrix adapt- 
ed for entrance into the environment of use, said 

45 matrix comprising from 30 wt % to 99.9 wt % of a 
cellulosic ether formulation and a dosage amount 
of the beneficial drug; wherein the formulation com- 
prises: 

from 10 wt % to 90 wt % of at least one 
50 hydroxypropylmethylcellulose comprising a high 
number average molecular weight of from 30,000 
to 350,000; 

from 5 wt % to 80 wt % of at least one 
hydroxypropylmethylcellulose comprising a low 
55 number average molecular weight of from 9,000 to 
30,000; and 

from 2 wt % to 30 wt % of a hydroxypropylcel- 
lulose comprising a hydroxypropoxy content of 7 
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wt%to16wt%. 

In another aspect, 5 - 66.7% wt of another 
hydroxypropylmethylcellulose comprising a high 
number average molecular weight of from 30,000 
to 350,000 is substituted for the hydroxypropylcel- 
lulose; the said other hydroxymethylpropylcellulose 
having a different high number average molecular 
weight from the one hydroxypropylmethylcellulose 
have a high number average. 

Accordingly, it is an immediate object of this 
invention to provide a novel dosage form for the 
rate controlled delivery of a beneficial drug to a 
biological fluid environment of use, and which 
unique dosage form represents an improvement 
and an advancement in the drug delivery arts. 

Another object of this invention is to provide 
both a novel and a useful dosage form that sub- 
stantially overcomes the difficulties associated with 
the tablets of the prior art. 

Another object of the invention is to provide a 
dosage form comprising at least thirty weight per- 
cent of a nontoxic cellulosic ether formulation. 

Another object of the invention is to provide a 
dosage form comprising at least three cellulose 
ethers that function together for enhancing the 
pharmaco-release kinetics of the dosage form. 

Another object of the invention is to provide a 
novel dosage form that comprises a cellulose ether 
formulation, which cellulose ether formulation com- 
prises a low number average molecular weight 
hydroxypropylmethylcellulose ether and a high 
number average molecular weight hydroxypropyl- 
methylcellulose ether, which cellulose ether for- 
mulation operate as a unit in a moving fluid for 
controlling the rate of release of a beneficial drug 
from the dosage form. 

Another object of this invention is to provide a 
dosage form comprising means for delivering a 
beneficial drug formulation that is difficult to deliver 
at meaningful rates and now can be delivered by 
the dosage form of this invention in a high shear 
fluid environment of use at therapeutically useful 
rates over a prolonged period of time. 

Another object of the present invention is to 
provide a dosage form comprising a beneficial drug 
formulation that can be from insoluble to very solu- 
ble in an aqueous fluid, and which drug formulation 
can be delivered by the dosage form of this inven- 
tion comprising two different cellulose ethers at an 
in vitro rate of release that is substantially par- 
alleled by the in vivo rate of drug release. 

Another object of this invention is to provide a 
dosage form that can administer to a warm-blood- 
ed host a complete pharmaceutical regimen com- 
prising very soluble or poorly soluble drugs, at a 
rate controlled by the dosage form and at a con- 
tinuous rate for a particular time period, the use of 
which dosage form requires intervention only for 



initiation of the drug delivery regimen. 

Another object of the present invention is to 
provide a dosage form for delivering a drug in the 
gastrointestinal tract that substantially avoids a pre- 
5 mature disintegration and delivers a drug at a rate 
of dosage form release that corresponds to the rate 
of change of the integrity of the dosage form over 
a prolonged period of at least eight hours. 

Another object of the invention is to provide a 
10 dosage form comprising a high loading up to 70 wt 
% of an aqueous soluble drug, which can be deliv- 
ered at a controlled rate by the dosage form and 
which high loading of the insoluble drug could not 
be delivered by prior art and osmotic tablets. 
75 Another object of the invention is to provide a 
dosage form comprising a low number molecular 
weight hydroxypropylmethylcellulose ether, a high 
number molecular weight hydroxypropylmethylcel- 
lulose ether and an optional hydroxypropylcellulose 
20 ether for delivering a beneficial drug to the gas- 
trointestinal tract of an animal. 

In the drawings, which are not drawn to scale 
but are set forth to illustrate various embodiments 
that can be provided by the invention, the drawing 
25 figures are as follows: 

Figure 1 is a side, elevational view of a dosage 
form provided by the Invention, designed and 
adapted for orally administering a beneficial 
drug to the gastrointestinal tract of an animal; 
30 Figure 2 is a cross-section through 2-2 of Figure 
1 for illustrating the internal structure of the 
dosage form; 

Figures 3, 4, 5 and 6 are graphs that depict 
release rate patterns for dosage forms provided 
35 by the invention. 

In the drawings and in the specifications like 
parts in related figures are identified by like num- 
bers. The terms appearing earlier in the specifica- 
tion and in the drawings, as well as embodiments 
40 thereof, are further described elsewhere in this 
specification. 

Turning now to the drawing figures in detail, 
which drawing figures are an example of the dos- 
age forms provided by the invention, one example 
45 of the dosage form is illustrated in Figure 1 and in 
Figure 2 designated by the numeral 10. In Figure 
1, dosage form 10 comprises a body or matrix 11, 
which can be manufactured into various sizes and 
shapes adapted for oral admittance into the gas- 
so trointestinal tract of a warm-blooded animal. That 
is, dosage form 10 can be any convenient shape, 
such as ellipsoid, bean-shaped, circular shaped, 
rectangular-shaped, or caplet-shaped. 

In Figure 2, dosage form 10 is seen in cross- 
55 section through 2-2 of Figure 1. In Figure 2, dos- 
age form 10 comprises a body 11 comprising a 
cellulosic ether formulation. The cellulosic ether 
formulation comprised in one presently preferred 
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embodiment a low number average molecular 
weight hydroxypropylmethylcellulose ether 12, re- 
presented by dashes, and a high number average 
molecular weight hydroxypropylmethylcellulose 
ether 13, represented by wavy lines. In another 
preferred embodiment, dosage form 10 comprises 
a low number average molecular weight hydrox- 
ypropylmethylcellulose ether 12, a high number 
average molecular weight hydroxypropylmethylcel- 
lulose ether 13, and a hydroxypropylcellulose 15, 
represented by vertical lines. 

The expression low number average molecular 
weight as used for the purposes of this invention 
comprise a cellulosic polymer comprising a low 
number average molecular weight of from 9,000 to 
30,000. Representative of hydroxypropylmethylcel- 
lulose polymers exhibiting a low number average 
molecular weight of 9,000 to 30,000 are as follows: 
(a) a hydroxypropylmethylcellulose having a de- 
gree of polymerisation (DP) of 48 and a low num- 
ber average molecular weight (MW n ) of 9,200; (b) a 
hydroxypropylmethylcellulose having a degree of 
polymerization of 48 and a low number average 
molecular weight of 9,600; (c) a hydroxypropyl- 
methylcellulose having a degree of polymerization 
of 56, and a low number average molecular weight 
of 1 1 ,300; (d) a hydroxypropylmethylcellulose hav- 
ing a degree of polymerization of 79, and a number 
average molecular weight of 15,900; (e) a hydrox- 
ypropylmethylcellulose having a degree of poly- 
merization of 102, and a number average molecular 
weight of 19,600; (f) a hydroxypropylmethylcel- 
lulose having a degree of polymerization of 116, 
and a number average molecular weight of 22,600; 
(g) a hydroxypropylmethylcellulose having a de- 
gree of polymerization of 116, and a number aver- 
age molecular weight of 23,300; (h) a hydrox- 
ypropylmethylcellulose having a degree of poly- 
merization of 145, and a number average molecular 
weight of 27,800; (i) a hydroxypropylmethylcel- 
lulose having a degree of polymerisation of 156 
and a low number average molecular weight of 
about 30,000. 

The expression "high number average molecu- 
lar weight" as used for the purpose of this inven- 
tion comprises a high number average molecular 
weight of from 30,000 to 350,000. Representation 
of hydroxypropylmethylcellulose ethers exhibiting a 
high number average molecular weight of from 
30,000 to 350,000 are as follows: (a) a hydrox- 
ypropylmethylcellulose comprising a degree of 
polymerization of 335 and a number average mo- 
lecular weight of 65,300; (b) a hydroxypropyl- 
methylcellulose ether comprising a degree of poly- 
merization of 460 and a high number average mo- 
lecular weight of 88,300; (c) a hydroxypropyl- 
methylcellulose comprising a degree of polymer- 
ization of 460 and a number average molecular 



weight of 92,500; (d) a hydroxypropylmethylcel- 
lulose ether comprising a degree of polymerization 
of 690 and a number average molecular weight of 
132,500; (e) a hydroxypropylmethylcellulose ether 

5 comprising a degree of polymerization of 860 and 
a number average molecular weight of 165,100; (f) 
a hydroxypropylmethylcellulose comprising a de- 
gree of polymerization of 1,260 and a number 
average molecular weight of 241 ,900; (g) a hydrox- 

70 ypropylmethylcellulose comprising a degree of 
polymerization of 1,600 and a number average 
molecular weight of 307,200. 

The expression "hydroxypropylcellulose" as 
used for the purpose of this invention comprises a 

15 low substituted hydroxypropylcellulose 15 having a 
hydroxypropyl content of 7 to 16%. More specific 
hydroxypropylcellulose ethers comprise a hydrox- 
ypropyl content of 7 to 10%, a hydroxypropyl con- 
tent of 10 to 13%, and a hydroxypropyl content of 

20 13 to 16%. 

The dosage form 10 provided by this invention 
comprises from 30% to 99.9% of a cellulose ether 
composition, which composition comprises from 5 
to 80 wt % of a low number average molecular 

25 weight hydroxypropylmethylcellulose, from 10 to 
90 wt % of a high number average molecular 
weight hydroxypropylmethylcellulose ether and 2 to 
30 wt % of a low substituted hydroxypropylcel- 
lulose. Dosage form 10 comprise from 0.1 to 70 wt 

30 % of drug 14, and other optional dosage form 10 
forming ingredients, with all the ingredients in dos- 
age form 10 equal to 100%. 

Dosage form 10 comprises beneficial drug 14. 
In the present specification the term "drug" in- 

35 eludes any physiologically or pharmacologically ac- 
tive substance that produces a local or systemic 
effect in animals, including warm-blooded mam- 
mals, humans and primates; avians; household, 
sport and farm animals; laboratory animals; fishes, 

40 reptiles and zoo animals. The term "physiologi- 
cally", as used herein, denotes the administration 
of a drug to produce generally normal levels and 
functions in a warm-blooded animal. The term 
"pharmacologically" generally denotes variations in 

45 response to the amount of drug administered to the 
host. See Stedman's Medical Dictionary , 1966, 
published by Williams and Wilkins, Baltimore, MD. 

The active drug that can be delivered includes 
inorganic and organic compounds without limita- 

50 tion, including drugs that act on the peripheral 
nerves, adrenergic receptors, cholinergic receptors, 
nervous system, skeletal muscles, cardiovascular 
system, smooth muscles, blood circulatory system, 
synaptic sites, neuroeffector junctional sites, en- 

55 docrine system, hormone systems, immunological 
system, organ systems, reproductive system, skel- 
etal system, autacoid systems, alimentary and ex- 
cretory systems, inhibitory or autocoids and his- 
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tamine systems. The active drug that can be deliv- 
ered for acting on these recipients include anticon- 
vulsants, analgesics, anti-parkinsons, antiinflam- 
matories, anesthetics, antimicrobials, antimalarials, 
anti-parasitic, anti-hypertensives, angiotensin con- 
verting enzyme inhibitor, antihistamines, antipyret- 
ics, alpha-adrenergic agnoist, alpha-blockers, bio- 
cides, bactericides, bronchial dilators, beta-adrener- 
gic stimulators, beta-adrenergic blocking drugs, 
contraceptives, cardiovascular drugs, calcium chan- 
nel inhibitors, depressants, diagnostics, diuretics, 
electrolytes, hypnotics, hormonals, hyperglycemics, 
muscle contractants, muscle relaxants, opthalmics, 
psychic energizers, parasympathomimetics, seda- 
tives, sympathomimetics, tranquilizers, urinary tract 
drugs, vaginal drugs and vitamins. 

Exemplary drugs that are very soluble in water 
can be delivered by dosage form 10 of this inven- 
tion include prochlorperazine edisylate, ferrous sul- 
fate, aminocaproic acid, potassium chloride, 
mecamylamine hydrochloride, procainamide hydro- 
chloride, amphetamine sulfate, benzphetamine hy- 
drochloride, isoproterenol sulfate, metham- 
phetamine hydrochloride, phenmetrazine hydro- 
chloride, bethanechol chloride, methacholine chlo- 
ride, pilocarpine hydrochloride, atropine sulfate, 
scopolamine bromide, isopropamide iodide, 
tridihexethyl chloride, phenformin hydrochloride, 
methylphenidate hydrochloride, cimetidine hydro- 
chloride, theophylline cholinate and cephalexin hy- 
drochloride. 

Exemplary drugs that are poorly soluble in 
water and that can be delivered by dosage form 10 
of this invention include diphenidol, meclizine hy- 
drochloride, prochlorperazine maleate, phenox- 
ybenzamine, thiethylperazine maleate, anisindone, 
diphenadione erythrityl tetranitrate, digoxin, 
isoflurophate, acetazolamide, methazolamide, ben- 
droflumethiazide, chlorpropamide, tolazamide, 
chlormadinone acetate, phenaglycodol, allopurinol, 
aluminum aspirin, methotrexate, acetyl sulfisox- 
azole, erythromycin, progestins, esterogenic, pro- 
gestational, corticosteroids, hydrocortisone, 
hydrocorticosterone acetate, cortisone acetate, 
triamcinolone, methy Itesterone, 1 7-beta-estradiol, 
ethinyl estradiol, prazosin hydrochloride, ethinyl es- 
tradiol 3-methyl ether, pednisolone, 17-alpha- 
hydroxyprogesterone acetate, 1 9-norprogesterone, 
norgestrel, norethindrone, norethindrone, norethin- 
drone, progesterone, norgesterone and 
norethynodrel. 

Examples of other drugs that can be delivered 
by dosage form 10 include aspirin, indomethacin, 
naproxen, fenoprofen, sulindac, indoprofen, nitro- 
glycerin, propranolol, timolol, atenolol, alprenolol, 
cimetidine, clonidine, imipramine, levodopa, 
chloropromazine, methyldopa, dihydrox- 
yphenylalanine, pivaloyloxyethyl ester of alpha- 



methyldopa, theophylline, calcium gluconate, 
ketoprofen, ibuprofen, cephalexin, erythromycin, 
haloperidol, zomepirac, ferrous lactate, vincamine, 
diazepam, captopril, phenoxybenzamine, nifedipine, 

5 diltiazem, milrinone, madol, quanbenz and 
hydrochlorothiazide. The beneficial drugs are know 
to the art in Pharmaceutical Sciences , 14th Ed., 
edited by Remington, (1979) published by Mack 
Publishing Co., Easton, PA; The Drug, The Nurse, 

w The Patient, Including Current Drug Handbook , by 
Falconer et al., (1974-1976) published by Sunder 
Co., Philadelphia, PA; Medicinal Chemistry , 3rd 
Ed., Vol. 1 and 2, by Burger, published by Wiley- 
Interscience, New York and in Physicians' Desk 

75 Reference , 38 Ed., (1984) published by Medical 
Economics Co., Oradell, NJ. 

The drug in dosage form 10 can be in various 
forms, such as uncharged molecules, molecular 
complexes, pharmacologically acceptable salts 

20 such as hydrochloride, hydrobromide, sulfate, 
laurate, palmitate, phosphate, nitrite, borate, ace- 
tate, maleate, tartrate, oleate and salicylate. For 
acidic drugs, salts of metals, amines or organic 
cations, for example, quaternary ammonium can be 

25 used. Derivatives of drugs such as ester, ethers 
and amides can be used. Also, a drug that is water 
insoluble can be used in a form that is a water 
soluble derivative thereof to serve as a solute, and 
on its release from the device is converted by 

30 enzymes, hydrolyzed by body pH or other meta- 
bolic processes to the original biologically active 
form. 

Drug 14 can be present in dosage form 10 
neat or, as in a presently preferred optional em- 

35 bodiment, with a binder, dispersant, wetting agent, 
lubricant, or dye. Representative of these include 
acacia, agar, calcium carrageenan, alginic acid, al- 
gin, agarose powder, colloidal magnesium silicate, 
pectin and gelatin; binders like polyvinyl pyr- 

40 rolidone; lubricants such as magnesium stearate; 
wetting agent such as fatty amines, fatty quater- 
nary ammonium salts; esters of sorbitol. The 
phrase drug formulation indicates the drug is 
present in dosage form 10 neat or accompanied by 

45 a binder. The amount of beneficial drug in dosage 
form 10 generally is from 0.05 ng to 5 g or more, 
with individual dosage form 10 comprising for ex- 
ample, 25 ng, 1 mg, 5 mg, 10 mg, 25 mg, 250 mg, 
750 mg, 1.0 g, 1.2 g, 1.5 g. The dosage form can 

so be administered once, twice or three times a day. 

Dosage form 10 is manufactured from a well- 
mixed composition of dosage-forming members. 
For example, a particular dosage form is made as 
follows: first, each of the ingredients comprising a 

55 dosage form are independently screened and then 
blended together, except for the lubricant Then, 
the homogeneous blend is wet granulated by add- 
ing a solvent such as anhydrous ethanol, and the 
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wet ingredients mixed until a uniform blend is ob- 
tained by said process. Next, the wet blend is 
passed through a screen and dried to evaporate 
the solvent. The resulting granules are passed 
again through a sieve. Next, a small amount of a 
finely divided lubricant is added to the dry granules 
and the lubricant and granules blended to provide 
a uniform blend. Then, the dosage forming com- 
position is fed to the hopper of a compression 
machine, and the composition pressed into a dos- 
age form. Typically, about two tons of pressure are 
applied to yield the final dosage form. 

The dosage form can be made also by a dry 
granulation process of manufacture. The dry pro- 
cess comprises first mixing all the dosage forming 
ingredients, except for the lubricant, passing the 
mixed ingredients through a grinding mill to a small 
mesh size, and then transferring the sized powder 
to a dry compactor. The compactor densities the 
powder, which dense powder is then passed 
through a sizing mill to regrind the composition. 
The composition is ground to a small size, typically 
20 mesh or smaller. Finally, a dry lubricant is 
added and the ingredients blended to produce the 
final dosage forming composition. Then, the com- 
position is fed to a compaction press and com- 
pressed into the dosage form 10. 

Other standard manufacturing procedures can 
be used to form the dosage form. For example, the 
various ingredients can be mixed with a solvent by 
ballmilling, calendering, stirring or rollmilling, and 
then pressed into a preselected sized and shaped 
dosage form 10. 

Exemplary solvents suitable for manufacturing 
the dosage form include inorganic and organic 
solvents that do not adversely harm the dosage 
form. The solvents broadly include a member se- 
lected from the group consisting of alcohols, 
ketones, esters, ethers, aliphatic hydrocarbons, ha- 
logenated solvents, cycloaliphatic solvents, ar- 
omatic, heterocyclic solvents, and mixtures thereof. 
Typical solvents include acetone, diacetone, 
methanol, ethanol, isopropyl alcohol, butyl alcohol, 
methyl acetate, ethyl acetate, isopropyl acetate, n- 
butylacetate, methyl isobutyl ketone, methyl propyl 
ketone, n-hexane, n-heptane, methylene dichloride, 
ethylene dichloride, propylene dichloride, ethyl 
ether, mixtures such as acetone and ethanol, ac- 
etone and methanol, methylene dichloride and 
methanol, ethylene dichloride and methanol. 

The following examples illustrate means and 
methods for carrying out the present invention and 
comparative examples which are not included in 
the present invention. 



COMPARATIVE EXAMPLE 1 

A dosage form 10 comprising 29.5% isosor- 
bide dinitrate (5,900 g); 29. 5% lactose (5,900 g); 
5 20% hydroxypropylmethylcellulose ether (4,000 g) 
exhibiting a low 27,800 number average molecular 
weight and 20% hydroxypropylmethylcellulose 
ether (4,000 g) exhibiting a high 88,300 number 
average molecular weight, were presieved through 

10 a 40 mesh screen. The presieved ingredients were 
mixed in a twin shell blender for 15 minutes and 
then transferred to a Hobart® mixer. Next, anhy- 
drous methyl alcohol was added slowly with mixing 
to form a uniform dough. The dough was passed 

15 through a 20 mesh screen and then air dried for 2 
hours at room temperature. The resulting granules 
were repassed through the 20 mesh screen and 
dried at ambient conditions overnight. Then, mag- 
nesium stearate, 1%, (200 g), was passed through 

20 an 80 mesh per inch screen and then was blended 
into the mixture in a twin shell mixer for 3 minutes. 
The resulting granulation was compressed on a 
D3B Manesty® Press at 2 tons pressure using a 
13/32 inch, (1.0 mm) round standard concave 

25 punch. The dosage form 10 provided by the manu- 
facture weight 271 mg, comprising 54.2 mg of the 
hydroxypropylmethylcellulose ether having the low 
number average molecular weight of 27,800; 54.2 
mg of the hydroxypropylmethylcellulose having the 

30 high molecular number average molecular weight 
of 88,300; and 80 mg of isosorbide dinitrate. The 
dosage forms were placed in artificial gastric fluid 
and the release of drug measured from the dosage 
form. The results of the test indicated 78% of the 

35 drug was delivered in a 24 hour period at an 
average delivery rate of isosorbide dinitrate of 2.5 
mg per hour. Accompanying Figure 3 depicts the 
release rate pattern for the dosage form and ac- 
companying Figure 4 depicts the cumulative 

40 amount released over a prolonged period of 24 
hours. 

COMPARATIVE EXAMPLE 2 

45 A dosage form 10 comprising 15% of the en- 

zyme inhibitor captopril, 5% of a low 9,200 number 
average molecular weight hydroxypropylmethylcel- 
lulose, 78% of a high 88,300 molecular weight 
hydroxypropylmethylcellulose and 2% of stearic 

so acid was prepared as follows: first, 1 ,500 g of the 
enzyme inhibitor, 500 g of the low number average 
molecular weight hydroxypropylmethylcellulose, 
and 7,800 g of the high molecular weight hydrox- 
ypropylmethylcellulose are presieved through a 40 

55 mesh screen and mixed for 15 minutes in a twin 
shell blender, and the resulting mixture transferred 
to a Hobart® blender. Then, anhydrous ethanol was 
added slowly with mixing to form a damp mass. 
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The ethanol alcohol damp mass was passed 
through a 20 mesh screen and air dried overnight. 
The dry product was repassed through a 20 mesh 
screen. The resulting granules were lubricated with 
200 g of stearic acid by passing the stearic acid 
through an 80 mesh screen over the granules and 
mixing the granules in a twin shell blender for 3 
minutes. Next, the resulting granulation was com- 
pressed into dosage forms using a Manesty press 
fitted with a standard concave round die of 3/8 inch 
(0.95 mm) diameter under a compression head of 2 
tons. The dosage forms weighed 334 mg and con- 
tained 50 mg of captopril. 

COMPARATIVE EXAMPLE 3 

A dosage form 10 was prepared by following 
the procedure of Example 2. The dosage form of 
this example comprises 53% ibuprofen; 20% of a 
hydroxypropylmethylcellulose having a number 
average molecular weight of 9,200; 20% of a 
hydroxypropylmethylcellulose having a number 
average molecular weight of 241 ,900; 5% hydrox- 
ypropylmethylcellulose, and 2% magnesium 
stearate. The drug release rate pattern for this 
dosage form is seen in Figure 5 and the cumulative 
amount released over a prolonged period of time is 
seen in Figure 6. 

COMPARATIVE EXAMPLES 4 TO 9 

The procedures described above are followed 
for manufacturing dosage forms comprising the 
following drugs and the cellulosic ethers: (a) 120 
mg of propanolol hydrochloride and 40 wt % of a 
cellulosic ether formulation comprising 20 wt % 
hydroxypropylmethylcellulose having a number 
average molecular weight of 241 ,900 and 20 wt % 
of a hydroxypropylmethylcellulose having a num- 
ber average molecular weight of 9,200; (b) a dos- 
age form comprising 50 mg of hydrochlorothiazide 
and 60 wt % of a cellulosic ether formulation com- 
prising 20 wt % hydroxypropylmethylcellulose hav- 
ing a molecular weight of 132,500 and 40 wt % of 
a hydroxypropylmethylcellulose having a molecular 
weight of 9,200; (c) a dosage form comprising 75 
mg of dipyridamole and 60 wt % of a cellulosic 
ether composition comprising 20 wt % of a hydrox- 
ypropylmethylcellulose having a number average 
molecular weight of 88,300 and 40 wt % of a 
hydroxypropylmethylcellulose having a number 
average molecular weight of 27,800; (d) a dosage 
form comprising 100 mg of verapamil hydrochlo- 
ride and 50 wt % of a hydroxypropylmethylcel- 
lulose having a number average molecular weight 
of 307,200 and 15 wt % of a hydroxypropylmethyl- 
cellulose having a number average molecular 
weight of 19,600; (e) a dosage form comprising 50 



mg of codeine phosphate, 60 wt % of a hydrox- 
ypropylmethylcellulose having a number average 
molecular weight of 241,900 and 15 wt % of a 
hydroxypropylmethylcellulose having a number 

5 average molecular weight of 9,200; (f) a dosage 
form comprising 200 mg of nitrofurantoin, 15 wt % 
of a hydroxypropylmethylcellulose having a num- 
ber average molecular weight of 241 ,900 and 45 wt 
% of a hydroxypropylmethylcellulose having a 

w number average molecular weight of 19,600. 

EXAMPLES 10 TO 15 

The procedures described above are followed 

75 for manufacturing dosage forms comprising the 
following drugs and cellulosic ether formulation: (g) 
250 mg of tetracycline; 5 wt % of hydroxypropyl- 
methylcellulose having a number average molecu- 
lar weight of 132,500; and, 10 wt % of hydrox- 

20 ypropylmethylcellulose comprising a number aver- 
age molecular weight of 241 ,900; and 40 wt % of a 
hydroxypropylmethylcellulose comprising a number 
average molecular weight of 9,200; (h) 300 mg of 
cimetidine; 5 wt % of hydroxypropylmethylcellulose 

25 having a number average molecular weight of 
88,300; 25 wt % of hydroxypropylmethylcellulose 
comprising a number average molecular weight of 
241,900; and, 10 wt % of a hydroxypropylmethyl- 
cellulose comprising a number average molecular 

30 weight of 9,200; (i) 160 mg of nadolol; 20 wt % of 
hydroxypropylmethylcellulose having a number 
average molecular weight of 88,300; 5 wt % of 
hydroxypropylmethylcellulose comprising a number 
average molecular weight of 307,200; and, 40 wt % 

35 of a hydroxypropylmethylcellulose comprising a 
number average molecular weight of 9,200; (j) 300 
mg of quinidine gluconate; 20 wt % of hydrox- 
ypropylmethylcellulose having a number average 
molecular weight of 241,900; 20 wt % of hydrox- 

40 ypropylmethylcellulose comprising a number aver- 
age molecular weight of 307,200; and, 20 wt % of a 
hydroxypropylmethylcellulose comprising a number 
average molecular weight of 9,200; (k) 30 mg of 
morphine sulfate; 60 wt % of hydroxypropylmethyl- 

45 cellulose having a number average molecular 
weight of 132,500; 20 wt % of hydroxypropyl- 
methylcellulose comprising a number average mo- 
lecular weight of 307,200; and, 10 wt % of a 
hydroxypropylmethylcellulose comprising a number 

so average molecular weight of 9,200; and, (I) 20 mg 
of nifedipine; 5 wt % of hydroxypropylmethylcel- 
lulose having a number average molecular weight 
of 132,500; 10 wt % of hydroxypropylmethylcel- 
lulose comprising a number average molecular 

55 weight of 241,900; and, 75 wt % of a hydrox- 
ypropylmethylcellulose comprising a number aver- 
age molecular weight of 9,200. 



7 



EP 0 413 061 B1 



14 



EXAMPLES 16 TO 21 

The procedures described above are followed 
for manufacturing dosage forms comprising the 
following drugs and cellulosic ether formulation: (m) 
250 mg of erthromycin stearate; 15 wt % of 
hydroxypropylmethylcellulose having a number 
average molecular weight of 241,900; 15 wt % of 
hydroxypropylmethylcellulose comprising a number 
average molecular weight of 9,200; and, 5 wt % of 
a hydroxypropylcellulose comprising a hydrox- 
ypropoxy content of 7 to 10%; (n) 12 mg of chlor- 
pheniramine maleate; 70 wt % of hydroxypropyl- 
methylcellulose having a number average molecu- 
lar weight of 241,900; 20 wt % of hydroxypropyl- 
methylcellulose comprising a number average mo- 
lecular weight of 9,600; and, 5 wt % of a hydrox- 
ypropylcellulose comprising a hydroxypropoxy 
content of 10 to 16%; (o) 8 mg of brompheniramine 
maleate; 70 wt % of hydroxypropylmethylcellulose 
having a number average molecular weight of 
241 ,900; 20 wt % of hydroxypropylmethylcellulose 
comprising a number average molecular weight of 
19,600; and, 5 wt % of a hydroxypropylcellulose 
consisting of a hydroxypropoxy content of 13 to 
16%; (p) a dosage form comprising 8 mg of chlor- 
pheniramine maleate; 120 mg of pseudoephedrine 
sulfate; 25 wt % of hydroxypropylmethylcellulose 
consisting of a number average molecular weight 
of 241,900; 25 wt % of hydroxypropylmethylcel- 
lulose consisting of a number average molecular 
weight of 27,800; and, 10 wt % hydroxypropylcel- 
lulose consisting of 10 to 13% hydroxypropoxy; 
and (q) 150 mg of ranitidine hydrochloride; 35 Wt 
% of hydroxypropoxymethylcellulose having a 
number average molecular weight of 241,900; 15 
wt % of hydroxypropoxymethylcellulose consisting 
essentially of a low number average molecular 
weight of 19,600; and, 15 wt % hydroxypropylcel- 
lulose consisting of 13 to 16 hydroxypropoxy con- 
tent. 

Dosage form 10 provided by the invention 
makes available a drug delivery matrix suitable for 
retention in the stomach for gastric retention over 
the drug releasing life time of the dosage system. 
Also, when all the drug is released, the system 
bioerodes into innocuous particles and dissolved 
polymers that pass from the gastrointestinal tract. 
The dosage form of the invention comprising high- 
er concentrations of cellulosic ether formulations 
exhibit better mechanical integrity and they better 
withstand the abrasive fluidic action of the gastroin- 
testinal tract. The dosage form of the invention 
provides a broader range of erosion rates including 
decreased and increased erosion rates in its use of 
low and high number average molecular weight 
blends of cellulosic ethers. Another advantage pro- 
vided by dosage form 10 resulting from its use of 



high number average molecular weight cellulose 
ethers is that it provides more physical stability, 
improved resistance to thermal shock and it helps 
lessen the incidence of matrix cracking over stor- 

5 age time, when stored in fluctuating ambient tem- 
perature conditions. Also, the dosage forms use of 
the high number average molecular weight cel- 
lulosic ethers exhibit decreased tackiness in high 
humidity thereby preventing sticking of one to an- 

10 other. The use of high number average molecular 
weight cellulose ethers provides more rate control 
of the drug administration over time. The use of the 
cellulose ethers, especially the high number aver- 
age molecular wt cellulose ethers which swell ex- 

75 tensively when hydrated, lessens direct drug con- 
tact with mucosal tissues and thereby lessens the 
incidence of tissue irritation for irritating drugs. 

The novel dosage form of this invention com- 
prises means for the obtainment of precise release 

20 rates in the environment of use while simultaneous- 
ly providing beneficial therapy to a recipient. 

Claims 

25 1. A dosage form for delivering a beneficial drug 
to an environment of use, which dosage form 
comprises a matrix adapted for entrance into 
the environment of use, said matrix comprising 
from 30 wt % to 99.9 wt % of a cellulosic ether 

30 formulation and a dosage amount of the bene- 

ficial drug; wherein the formulation comprises: 

from 10 wt % to 90 wt % of a hydrox- 
ypropylmethylcellulose comprising a high 
number average molecular weight of from 

35 30,000 to 350,000; 

from 5 wt % to 80 wt % of a hydrox- 
ypropylmethylcellulose comprising a low num- 
ber average molecular weight of from 9,000 to 
30,000; and 

40 from 2 wt % to 30 wt % of a hydrox- 

ypropylcellulose comprising a hydroxypropoxy 
content of 7 wt % to 16 wt %. 

2. A dosage form as claimed in Claim 1; wherein 
45 from 5wt % to 66.7% wt % of another hydrox- 

ypropylmethylcellulose comprising a high 
number average molecular weight of from 
30,000 to 350,000 is substituted for the 
hydroxpropylcellulose; said other hydrox- 
50 ypropylmethylcellulose having a different high 

number average molecular weigh from the one 
hydroxypropylmethylcellulose having a high 
number average molecular weight. 

55 Patentansprtiche 

1. Darreichungsform zur Verabreichung eines 
Arzneimittels an eine Anwendungsumgebung, 
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umfassend eine zur Einbringung in die Anwen- 
dungsumgebung geeignete Matrix, die 30 
Gew% bis 99,9 Gew% einer Celluloseetherfor- 
mulierung und eine Arzneimitteldosis enthalt, 
wobei die Formulierung umfaBt: 
10 Gew% bis 90 Gew% einer Hydroxy propyl- 
methylcellulose mit einem hohen durchschnitt- 
lichen Molekulargewicht von 30.000 bis 
350.000, 

5 Gew% bis 80 Gew% einer Hydroxypropyl- 
methylcellulose mit elnem niedrigen durch- 
schnittlichen Molekulargewicht von 9.000 bis 
30.000, und 

2 Gew% bis 30 Gew% einer Hydroxypropyl- 
cellulose mit einem Hydroxypropylgehalt von 7 
Gew% bis 16 Gew%. 



I'hydroxypropylmethylcellulose; ladite autre hy- 
droxypropylmethylcellulose ayant un poids 
molSculaire moyen elev6 different de Thy- 
droxypropylmethylcellulose de poids moie- 
culaire moyen 6\ev6. 
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Darreichungsform nach Anspruch 1, dadurch 
gekennzeichnet, daB die Hydroxypropylcellu- 
lose durch 5 Gew% bis 66,7 Gew% einer 
zweiten Hydroxypropylmethylcellulose mit ei- 
nem hohen durchschnittlichen Molekularge- 
wicht von 30.000 bis 350.000 ersetzt ist, wobei 
die zweite Hydroxypropylmethylcellulose ein 
hohes durchschnittliches Molekulargewicht hat, 
das sich von dem hohen durchschnittlichen 
Molekulargewicht der ersten Hydroxypropyl- 
methylcellulose unterscheidet. 
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Revendications 



30 



1. Forme pharmaceutique destined a libeVer un 
medicament b£n6fique dans un milieu d'utilisa- 
tion, laquelle forme pharmaceutique comprend 

une matrice adapted pour ('administration dans 35 
le milieu d'utilisation, ladite matrice compre- 
nant de 30% en poids a 99,9% en poids d'une 
formulation a base dither cellulosique et une 
quantite" posologique du medicament benefi- 
que; dans laquelie la formulation comprend: 40 

de 10% en poids a 90% en poids d'une 
hydroxypropylmethylcellulose d'un poids moie- 
culaire moyen 6\ev6 compris entre 30.000 et 
350.000; 

de 5% en poids a 80% en poids d'une 45 
hydroxypropylmethylcellulose d'un poids mol£- 
culaire moyen faible compris entre 9.000 et 
30.000; et 

de 2% en poids a 30% en poids d'une 
hydroxypropylmethylcellulose dont la teneur 50 
en radicaux hydroxypropoxy est de 7% en 
poids a 16% en poids. 

2. Forme pharmaceutique seton la revendication 

1, dans laquelle de 5% en poids a 66,7% en 55 
poids d'une autre hydroxypropylmethylcellulo- 
se d'un poids moieculaire moyen eieve com- 
pris entre 30.000 et 350.000 est substitue a 
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